Background: Hepatic angiosarcoma (HAS) is a rare type of liver cancer that is often fatal, and arsenic and vinyl chloride monomer (VCM) are two major causal agents. Whereas Taiwan is an endemic area of liver cancer, epidemiologic data on HAS are limited. We reviewed the cases observed at a teaching hospital to evaluate the roles of VCM, arsenic, and viral hepatitis in the occurrence of HAS. Methods: We reviewed the medical records of patients with pathological proof of HAS from January 2000 to August 2010 at a teaching hospital which is adjacent to the major VCM processing area in Taiwan and nearby an endemic area of arsenic exposure from drinking water. We also conducted a literature review and included all patients of HAS reported in Taiwan.
Background
Hepatic angiosarcoma (HAS) is a rare type of liver cancer, and some studies showed that it is related to arsenic, vinyl chloride monomer (VCM), thorium dioxide (Thorotrast), and radium [1] [2] [3] [4] . HAS accounts for only 2% of hepatic malignancy in west countries [1, 5, 6 ], but epidemiological data in Asia are very limited, although liver cancer is relatively prevalent in this area. Many cases of HAS are asymptomatic when they are diagnosed accidently, and the most common initial complaints are nonspecific symptoms such as right upper quarterant pain, fatigue, weakness, and weight loss [1] , making it rarely diagnosed antemortem [1, 7] .
HAS is of special interest to occupational medicine due to its correlations to vinyl chloride monomer (VCM) and other industrial chemical exposures such as arsenic pesticides in vineyard workers [7] . It is also related to arsenic exposures from other sources such as Fowler's solution to treatment of certain diseases [8, 9] and drinking water containing high level of arsenic [3, 10] . In some cases, HAS was reported in patient under hemodialysis (HD) [3, 4] or with congestive heart failure [11] .
Taiwan (Republic of China; R.O.C.) has been a major polyvinyl chloride (PVC) producer in the world for decades and has several endemic areas of arsenic exposure from drinking water. In addition, it is an endemic area * Correspondence: hrguo@mail.ncku.edu.tw 5 Department of Environmental and Occupational Health, College of Medicine, National Cheng Kung University, 138 Sheng-Li Road, Tainan 70428, Taiwan Full list of author information is available at the end of the article of liver cancer due to the high prevalence of viral hepatitis. However, there are limited reports about HAS in Taiwan. We conducted a study to evaluate the roles of VCM, arsenic, and viral hepatitis in the occurrence of HAS in Taiwan.
Methods

Identification of patients at a teaching hospital
This study was conducted at Kaohsiung Veterans General Hospital in Kaohsiung in collaboration with the National Cheng Kung University in Tainan. We reviewed the medical records of patients who were diagnosed as having HAS through pathological examination of specimens obtained by fine-needle aspiration (FNA) or surgical procedures from January 2000 to August 2010. This 1330-bed hospital is adjacent to the major PVC production area in Taiwan and nearby an endemic area of arsenic exposure from drinking water generally known as the blackfoot diseases endemic area [3] . From each patient, we collected data on demographic characteristics, medical history, hemogram, biochemistry, markers of hepatitis B (HBV) and C (HCV) virus infections, markers associated with hepatic tumor, and clinical course. In addition, we collected information of serial image studies using sonography, magnetic resonance imaging (MRI), and computed tomography (CT), which included tumor size and location. We also collected information on occupational history and environmental exposures, including underground water drinking. The study protocol was approved by the Human Research Committee of the hospital.
Identification of cases in the literature
In order to identify cases of HAS reported in Taiwan, we also conducted a thorough literature search in the PubMed database using "angiosracoma" as the key word and review the articles retrieved. Further search of literature was conducted through reviewing the references listed in retrieved articles.
Statistical analyses
We performed statistical analyses using SPSS software for Windows (Version 12; SPSS Inc., Chicago, IL, USA). All data were expressed as mean ± standard deviation, and the differences between two groups were evaluated using the Mann-Whitney U test for continuous variables and Fisher's exact test for categorical variables. A p value of less than 0.05 was considered to be statistically significant.
Results
Nine patients (six men, three women) of HAS were identified at the hospital during the study period ( Table  1 ). The average duration of follow-up was 14 months, and two patients died within 3 months (Table 1) . Eight of the nine patients had bilateral lobes involvement, and all had multiple segments invasion. In some patients, abdominal CT revealed contrast enhanced lesions persistently, while in the others it showed hypo-attenuated lesions in the venous phase (Figure 1) . The diagnosis was made on the basis of FNA in five patients and surgery in four. Histological examination showed focal vascular channels lined by atypical cells with positive staining for at least one of the following markers: CD31, CD 34, or factor VIII (Table 2) (Figure 2) . The age at diagnosis ranged from 56 to 83 years (64.6 ± 8.2 years), and it was similar between men (64.8 ± 10.0 year) and women (64.0 ± 4.6 year) (p = 0.80) ( Table 2 ). None of the differences in other characteristics reached statistical significance.
Two patients received transarterial embolization (TAE), including one receiving operation after the TAE due to liver rupture and the other receiving hepatic arterial infusion chemotherapy (HAIC) after the TAE. Of the four patients who received operation, three developed multiple metastases afterwards with postoperative chemotherapy, including one with radiotherapy simultaneously and another suffering from liver rupture (Table 1) . Four patients received conservative treatment only. The difference in the maximum tumor size between men (8.9 ± 3.4 cm) and women (13.5 ± 7.1 cm) did not reach statistical significance (p = 0.51) ( Table 2) , and the two patients who suffered from liver rupture had the largest and the third largest tumor sizes (18.5 and 10.7 cm, respectively).
Four of the patients had diabetes mellitus, including three with hypertension, and two non-diabetic patients also had hypertension. Only one patient had a concurrent tumor, which was a gastrointestinal stromal tumor (Table 1) . At diagnosis, the chief complaint included liver tumor in four patients (44.4%), abdominal pain in three (33.3%), and non-specific complaint in two (22.2%) ( Table 1) . The hemogram and biochemistry data revealed no differences between men and women (all p values > 0.05) except that white blood cell counts were higher in women (p = 0.02), which was attributed to one with liver rupture and another with a concurrent tumor (GIST) and metastasis (Table 3) . Three diabetic men and one woman had high blood sugar levels, and the hemodialytic woman was the only patient with elevated serum creatinine and total bilirubin. Other hemogram and biochemistry data were within normal limits (Table 3 ). All patients had normal values of tumor markers associated with hepatic tumor, including alfa-fetoprotein (AFP), carcinoembryonic antigon (CEA), and carbohydrate antigen 19-9 (CA199).
None of the patients was a HBV carrier, but two had HCV infection, including a uremic patient under maintenance HD (Table 1) . Two patients had drinking habit, and one of them was recognized as alcoholism who had liver cirrhosis ( Table 1 ). As to occupational history, only the woman HCV carrier under maintenance HD had contact with PVC at work, which was during the manufacture of plastic products, but none of the patients had occupational exposure to VCM, radium, or arsenical pesticides. Furthermore, none of the patients recalled exposure to thorium dioxide or using Fowler's solution, and none of them have ever lived in the BFD area, where the underground water had high levels of arsenic.
We reviewed the literature on HAS in Taiwan and found nine more patients (five men, four women) of HAS, and the age at diagnosis ranged from 30 to 82 years (58.6 ± 15.5 years) [3, [12] [13] [14] [15] [16] [17] [18] [19] (Table 4 ). Only one patient had hepatitis B infection. The differences in the mean age at diagnosis, male-to-female ratio, and seroprevalence rates of HBV and HCV infection between our cases and cases reported in the literature did not reach statistical significance. As to occupation exposures, only one had chronic exposure of arsenic pesticide. One of the patients had diabetes mellitus, one had hypertension, and one had uremia under maintenance HD. At diagnosis, the chief complaints included abdominal pain or fullness in four patients (44.4%), liver tumor in three (33.3%), lower back pain in one (11.1%), and fever in one (11.1%) ( Table 4) . Three of the patients received operation and TAE, one received operation, and one received TAE. Three patients had liver rupture, including one with operation and TAE, one with operation, and one with conservative treatment. Metastasis was observed in two patients, including one in the spleen and the other in the L2 spine.
Discussion
HAS is rare, but is the most common malignant mesenchymal tumor of liver [1, 5, 6, [20] [21] [22] . A study in the New York State found an annual incidence of 0.26 per million [23] , and another study estimated that the mortality rate was 0.075 cases per million population per year in the Unites States and that there were about 17 cases each year in the whole country [2] . In Western countries, it occurs more frequently in men with a male-to-female ratio of about 3:1 to 4:1, and most frequently in the sixth to seventh decades of life [1, 2, 7] . In Taiwan, an analysis of data from the National Cancer Registry Program from 1981 to 1999 found only 26 patients, and the male-to-female ratio was 1.9:1 [3] , which is close to our finding of 2.0:1, but much lower than the 3:1 ratio in hepatic carcinoma (HCC) [24] . A study in Shanghai, People's Republic of China (PRC) [25] found 6 cases of HAS in 5,487 consecutive cases of primary liver cancers from 1991 to 2005, which was higher than the proportion of 8 in the 40,832 cases from 1980 to1999 in a study in Taiwan [24] . The Shanghai study reported a male-to-female ratio of 2.0:1, so did a study of 6 consecutive cases of HAS from 2000 to 2005 in Ganzhou, PRC [26] . The male-to-female ratio in the Chinese population appears to be quite consistent across studies and is lower than those reported in the Western countries. While the most common presenting symptoms of HAS were reported to be abdominal pain and non-specific systemic complaints such as weakness, fatigue, weight loss, and anorexia that appear in 25-50% patients [1, 7] , we found that a substantial number of patients Max. tumor size (cm) 8.9 ± 3.4 (3.9-13.5) 13.5 ± 7.1 (8. were asymptomatic cases identified during routine health examinations, highlighting the importance of periodical health check-ups. Hepatomegaly with ascites, jaundice, and splenomegaly are the most common findings on physical examination [7] . Of the 18 cases in this series, one patient identified at the hospital and one previously reported case in Taiwan had uremia, and one of them had history of HCV infection [3] , which is similar to a case reported in Japan [4] . Spontaneous liver rupture is not uncommon and associates with high mortality and morbidity rates, which presents with intra-abdominal bleeding occurring in 27% of HAS patients [1] . Five patients of HAS with liver rupture, including two in our series and three in previous reports [3, 13, 16] , had been identified in Taiwan, and two of them (one patient in our series and one previously reported case [3] ) received emergent surgical intervention and survived for a period of time till another life-threatening event that cost their lives. Emergent surgery seems effective in the treatment of liver rupture.
Early reports of HAS often focus on its associations with environmental carcinogens such as VCM, arsenic in pesticide or drinking water, thorium dioxide, radium, and Fowler's solution, but exposures to these agents have become rare nowadays. Of the 135 patients reported by Falk et al., 126 (75%) were attributed to uncertain etiology [2] . Similarly, none of the nine patients in the current study could be attributed to specific etiology, and of the nine previously reported cases in Taiwan, only two were found to have chronic exposure to arsenic pesticide or arsenic in drinking water. In total, 15 of the 18 cases (83.3%) of HAS in Taiwan had no known etiology.
Although HBV infection increases the risk of liver cancer in VCM workers [26, 27] , none of the 18 cases had exposure to VCM, and only one previously reported patient had chronic HBV infection. Taiwan is an endemic area of viral hepatitis, including HBV and HCV infection. The reported seroprevalence of HBsAg ranged from 15% to 20% in Taiwan [28] [29] [30] , and the seroprevalence of HBV we observed (5.6%; 1 in 18 cases) was lower, which does not support HBV infection being a risk factor of HAS. On the other hand, 2 of the 18 patients had HCV infection. More than 170 million people worldwide are chronically infected with the HCV, which causes over 1 million deaths resulting from cirrhosis and liver cancers [31] . The reported seroprevalence of anti-HCV has a very wide range in Taiwan [32] [33] [34] [35] and reached 60% in some townships in the southwestern coast [34] , which is higher than the prevalence we observed (11.1%, 2 in 18 cases). An association between HCV and HAS has not been confirmed, and further studies are necessary to clarify their relationship. One of our cases had uremia, and we found another case of HAS in a uremia patient with a history of HCV infection in the literature [4] . HCV infection is a significant cause of morbidity and mortality in HD patients, and the prevalence of HCV in HD population varies from 1.9 to 84.6% [36] . A study in Taiwan observed an anti-HCV seroprevalence of 33.2% in HD patients [37] .
In previous studies, more than 70% of HAS patients have multifocal or multinodular lesions [21, 38] , and most of them have metastatic lesions at the time of presentation such as lung or splenic metastasis [1, 38] . The prognosis of patients with HAS is poor with a median survival of around 6 months, and only 3% survived for more than 2 years [1, 2] . In our study, three patients identified at the hospital and one previously reported case had metastasis at the time of diagnosis. Three of them received operation, and two received post operation chemotherapy. Consequently, three of our patients and three reported patients lived for more than 2 years (24, 37, and 44 months and 24, 42, and 42 months, respectively), although some survived only 3 months after diagnosis. Therefore, aggressive treatment may still prolong the survival of patients with metastases.
Our study has a few limitations. First, this was a retrospective study, which limits the amount of data to be collected. On the other hand, because all the 9 cases in the literature were collected from case reports which were also on the basis of medical records, information on the 9 cases in our series and the 9 cases in the literature should be comparable. Second, the total number of cases is small, which limits further analysis. Nonetheless, together with cases reported previously, only a small portion of the patients had exposures to arsenic or viral hepatitis, and none had exposures to VCM, even though these risk factors are relatively prevalent in Taiwan.
Conclusions
HAS is rare in Taiwan, and we found no evidence supporting a major role of VCM, arsenic in drinking water, or viral hepatitis in its occurrence. Further studies are necessary to clarify the etiologies of HAS in Taiwan.
